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In addition to higher timing accuracy and the possibility of greater resolution, it appeared necessary to decrease the time required to obtain data. The time required in the region of j. ev was already excessive, and with higher reso1u-tion would be expected to be longer. Accordingly, three new features were incorporated in the equipment: (l) a finer and more accurate subdivision of the cycle of operation, (2) a range of Some of the observations reported in this paper have been considerably extended since its preparation. It is hoped that the somewhat more precise and detailed results of these experiments will be reported in the near future.
* This paper was received for publication on the date indicated but was voluntarily withheld from pubhcation until the end of the war.
'C, P. Baker and R. F. Bacher, Phys. Rev. 59, 332 {1941}.
frequencies of the fundamental cycle so that it might be possible to increase the intensity by increasing the frequency to the limit determined by the overlapping of cycles at the detector, and The arc control made use of two FG67 thyratrons which controlled the voltage on the arc type ion source in the cyclotron. One tube was placed in series with the arc to turn it on and the other in parallel to turn it off' by short circuiting. A considerable amount of redesign on this circuit from that used in the previous work was necessary, both because of the higher frequencies required and because of the low power electronic source of the repetition frequency instead of an a.c. motor generator supply. Tubes with a short de-ionization time were necessary, and type FG67 was found to be most satisfactory from this standpoint but required much more grid power than the FG57's formerly used.
Each tube consequently required a power amplifier. Difficulty was also experienced in extinguishing the tubes after their cycle of operation since the power supplied to the arc came from a d.c. motor generator set. Some method of interrupting the current through the tubes for at least 100 p,sec. must be provided. After several unsuccessful attempts to do this with other thyratrons, a bank of power tubes was placed in series with the motor generator. At the lower frequencies this method was not necessary, but at 2500 cycles no simpler method was found.
The modulated amplifier was very little changed from the one previously described except for the inclusion of four channels instead of one and for the particular care taken to obtain speed of response. The first tube was a thyratron discriminator which Hashed for all neutrons detected, and which was fed into the sealer and into the four modulated channels. A modulated channel consisted of an amplifier tube whose control grid was actuated by the neutron pulse and whose screen grid was actuated by a square wave generator which determined the open time of the tube. Output circuits were provided to drive the counters. The square wave generators were almost identical with that previously described except for a modihcation in the phasing and grid driving. The waves were quite accurately square, the voltage rising or falling within 0.5 @sec. The square pulse could be varied in width from 1 psec. at 2500 cycles (a little more at lower frequencies) to a quarter of a cycle.
A new linear amplifier was constructed with special consideration for stability and speed of response. The gain per stage had to be sacrificed on both of these counts so that seven stages were necessary. Small time constants and negative feedback were incorporated, and to reduce the difficulties introduced by the unavoidable shunt capacity of the cable connecting the amplifier proper with the ionization chamber, two stages of amplification preceded this cable.
Tests on resolution were made using two of the square wave generators. With two pulses of 5 @sec. duration and 15 psec. separation center to center impressed on the grid of the first tube, two completely separated pulses could be observed at the output, With 10 @sec. separation the pulses were not completely resolved, but the voltage fell to half maximum between pulses. The over-all time lag of the apparatus, including lags in production and acceleration of the deuterons in the cyclotron and in collection of ionization in the detector, was measured by the method previously described' and found to be 19 psec.
Subsequent improvements have been made dur-
ing the course of the experiments, the shortest lag so far produced being 8.5 @sec. This compares to a time lag of 35 @sec. in the earlier apparatus. In order to cut down the fast neutron background, about 10 cm of paraffin was placed around the collimating tube holding the ionization chamber. Figure 3 shows the fraction of fast neutrons as a function of time. These measurements were taken with about 10 cm of paraffin, Cd, and a thick 84C absorber in front of the collimator. For time of Right experiments, carried out at 3 meters, the background is 3 percent or less for energies of 19 ev or below.
A hydrogen-filled ionization chamber was used to determine how accurately the production and detection of neutrons was controlled under actual experimental conditions. This chamber was sensitive only to fast neutrons so that times of Right and scattering difficulties did not enter, and the time distribution of proton recoils gave an accurate indication of the time of production of neutrons. The duration of the neutron burst was measured in the following manner: the square pulse controlling the ion source was adjusted for 10 psec. width, and the square pulse controlling detection was made very long (120 @sec. ) and initially completely overlapping the time of production. The start of the detector "on" time was then made later and later in the cycle so that it overlapped the time of production by smaller and smaller amounts. This procedure is similar to that used for the previously described time lag measurement. '
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The general arrangement of the equipment with the cyclotron was essentially the same as that previously shown. The cyclotron chamber has been rotated about 30', making the target somewhat more centrally located. The geometry of the paraffin block surrounding the 8 target which is shown in Fig. 2 One would expect the counting rate to be constant as long as there is complete overlap and a linear decrease until there is no overlap so that the duration of the linear decrease is a measure of the duration of the burst. Figure 4 shows the counting rate plotted against the difference in time between the settings of the start of the burst and the start of the detector "on" time.
The counting rate is seen to be constant until I4.5 @sec. and then to decrease until 25.2 psec. ,
showing an "on" time of the source of 10.7 p, sec.
There is evidence for a small tail as a few neutrons were recorded after production had presumably stopped. This amounts to about 4 percent of the maximum intensity about 2 @sec. later, and less than 1 percent 6 @sec. later. The magnitude of this tail was found to be insensitive to changes in gas pressure, 61ament temperature, or arc voltage. The fact that the start of the decrease occurs at 14.5 @sec. indicates an over-all time lag of this amount.
The detector was measured in a similar way, and the sensitivity was found to be 3 @sec. longer than the duration indicated by the setting of the controlling square wave, although otherwise we11 behaved, having no observable tailing eR'ects.
The extra 3 p,sec. was found to be due to the smearing of a pulse in the modulated ampliher which should have been of very short duration. This pulse has now been sharpened, but unfortunately the difhculty was not discovered until after the measurements described here were 
B. Indium
Further experiments were made on indium in order to establish more accurately the energy of' the resonance. The previous measurements' showed a transmission minimum slightly above T.O ev. This measurement was made with much poorer resolution than it has since been found possible to use and serves mainly to demonstrate the eRect of this resonance. Because of the considerable eRect of resolution, low precision, and background corrections involved it is not considered a reliable measure of the resonance energy.
The present measurements of the transmission of indium were made at a distance of 3 m with "on" times of source and detector of 20 @sec. using an absorber of 0.169 g/cm' and covered the energy region from 10 to 0.75 ev (23 to 84 @sec./m). The results are plotted in Fig. 7 The source and detector were "on" for 20 psec. each. The repetition frequency was 2,500 c.p.s. , and a Cd absorber 0.9 g/cm' was used as a screen.
For the three thinner absorbers the repetition rate was 500 c.p.s. with "on" times of 50 psec.
for the 0.0487-g/cm' absorber, and 80 psec. for the other two absorbers. The distance of source to detector of 2 m was used for these three absorbers. At the lower recurrence rate used, it was necessary to investigate the efkct of neutrons appearing in succeeding cycles (recycling) by some measurements at still lower frequency. With the usual source it was found that there was a very considerable effect. This was decreased by the use of the tray previously described to cut down the mean life in the source and by the introduction of a thin 84C screen containing 0.0205 g/cm' of B.Without the screen there was still an appreciable recycling, but with the screen the eR'ect was indistinguishable from background.
The collected results of the absorption measurements on B are shown in Fig. 10 Further experiments were also carried out with the tray source described previously, but with the geometry otherwise the same. The results are summarized in Table I for the three difFerent 8 absorbers which were used. The third column gives the absorber thickness, the fourth the observed transmission, and the fifth the cross section of the Cd stopped neutrons obtained. The cross sections have been used with the curve of Fig. 10 to obtain the corresponding time of Right, from which the eRective energy given in the last column can be obtained. The efFective energy of the Cd stopped neutrons is nearly twice that expected on the basis of thermal equilibrium. With the large paraffin block this seemed so unusual that the measurements were scrutinized very carefully but repeated experiments gave essentially the same results. This difference will be discussed later.
It mill also be noticed that there is a gradual increase in a. for the thinner absorbers, which might be expected if there were a filtering or "hardening" action of the absorber. The experiments with the thinner source show a higher These results lead to the inescapable conclusion that with the geometrical arrangements used in the past, the C group neutrons are not of thermal energy. Resonance energies determined by the boron absorption method which assume that the C group neutrons have thermal energy are incorrect. The correction factor for the geometry used here is j..64, but this factor will depend on the experimental arrangements.
Early experiments' with a mechanical velocity selector indicated that the velocity distribution of the C group neutrons observed from a paragon block or howitzer source was such that agreement between the expected and observed distribution was obtained if it is assumed that the emitted neutrons have a Maxwell distribution at room temperature. This result now appears to be in disagreement with the present work. The disagreement is possibly caused by the fact that the mechanical velocity selector experiments were of necessity carried out with very poor resolution. It seems dificult, therefore, to consider the disagreement serious.
The earlier experiments also showed that when the source was cooled, the emitted distribution shifted toward lower velocity. Furthermore it was shown in experiments by Fink' that the cross section of various elements except Cd increase when the source is cooled, in agreement with the increased activity also observed. This de6nitely shows the presence of some neutrons in thermal equilibrium, and this qualitative conclusion does not disagree with the present results.
